Objective: To determine how C reactive protein (CRP), a sensitive marker of inflammation, is related to coronary endothelial function. Design: Changes in quantitative coronary angiographic findings and Doppler flow velocity measurements in response to locally infused acetylcholine were assessed. Setting: Tertiary cardiology centre. Patients: 46 patients with angiographically normal coronary arteries were divided into groups with normal (( 3 mg/l) or increased (. 3 mg/l) CRP concentrations. Interventions: Acetylcholine (3 and 30 mg/min) was infused into the left coronary ostium for two minutes. Main outcome measures: Percentage change in diameter of epicardial coronary arteries and coronary blood flow (CBF) in response to acetylcholine; and correlations between these parameters and serum CRP concentrations. Results: 15 patients had increased CRP concentrations. The change in coronary artery diameter induced by acetylcholine infusion was similar between the groups but the increase in CBF induced by acetylcholine was smaller in patients with increased CRP concentrations (54.9% v 139.4% with acetylcholine 30 mg/ min, p = 0.0030). Multivariate analysis identified increased CRP concentration as independently associated with attenuated CBF response to acetylcholine at 30 mg/min (p = 0.0078, R 2 = 0.434). Conclusions: These findings suggest that inflammation appears to be associated with impaired coronary endothelial function in resistance but not conduit vessels. The data suggest a close relation between chronic vascular inflammation and endothelial dysfunction in atherosclerosis.
M uch interest has focused on the relation between vascular inflammation and atherosclerosis. [1] [2] [3] The hypothesised initial event is impairment of endothelial function by any of several factors. A subsequent inflammatory response leads to atherosclerotic plaque development and eventually atherosclerosis. [1] [2] [3] Thus, endothelial function may be closely related to chronic low grade inflammation. Several clinical studies have investigated the relation between peripheral endothelial function and inflammation [4] [5] [6] [7] but much less is known about this relation in the coronary arteries.
C reactive protein (CRP), the prototypic acute phase reactant, is synthesised in the liver. A sensitive marker of the inflammatory response, CRP is measured readily and is widely used clinically. [8] [9] [10] To determine whether an inflammatory response is associated with impaired coronary endothelial function, we correlated CRP concentration with coronary endothelial function as determined by the response to intracoronary infusions of acetylcholine.
METHODS

Study population
We studied 46 Japanese patients (mean age 59 years, 30 men and 16 women) who underwent coronary angiography for evaluation of atypical chest pain. All patients had angiographically normal epicardial coronary arteries, normal left ventricular function (contrast ventriculographic ejection fraction > 60%), and a normal coronary flow reserve (. 2.0). Patients with angiographically documented coronary spasm (. 50% luminal narrowing) after intracoronary injection of acetylcholine, left ventricular hypertrophy, or valvar heart disease were excluded from the study. Patients with obvious systemic inflammatory diseases or possible acute systemic inflammation as suggested by a CRP concentration . 10 mg/l also were excluded. 11 No patient with unstable angina was included. Written informed consent was obtained from all patients before entry into the study. The protocol was approved by the ethics committee of our institution.
Study protocol
All antianginal agents were discontinued at least 48 hours before catheterisation, except for unrestricted use of sublingual glyceryl trinitrate, which was withheld for one hour before catheterisation. Diagnostic left heart catheterisation and coronary angiography were performed by a standard percutaneous brachial approach. A 6 French guide catheter was introduced into the left main coronary artery. A 0.0014 inch Doppler flow guidewire (FloWire, Cardiometrics, Mountain View, California, USA) was advanced through the guide catheter into the proximal segment of the left anterior descending coronary artery. The wire tip was positioned in a straight segment of the vessel to obtain a reliable flow velocity signal.
After baseline control conditions were established, incremental doses of acetylcholine were infused into the left coronary artery (3 and 30 mg/min) for two minutes, with five minute intervals between consecutive doses. After control conditions had been re-established, ATP (20 mg) was infused. Finally, an intracoronary infusion of glyceryl trinitrate was given at a rate of 200 mg/min for one minute. Acetylcholine and glyceryl trinitrate were infused directly into the left coronary ostium with an infusion pump (TE-311, Terumo, Tokyo, Japan) at a rate of 1 ml/min.
Coronary angiography was performed under control conditions and at the end of each drug infusion. Coronary blood flow (CBF) velocity was monitored continuously with a 12 MHz pulsed Doppler velocimeter (FloMap, Cardiometrics). Arterial pressure, heart rate, and ECG were monitored continuously and recorded with a multichannel recorder (Polygraph 1600, Nihon Electric Corporation, Tokyo, Japan).
Quantitative coronary angiography
The method for measuring coronary diameter has been described previously in detail. 12 13 The coronary segment 2 mm distal to the Doppler wire tip was selected for quantitative analysis. In each patient, luminal diameters of selected segments of the left anterior descending coronary artery were measured by a single investigator blinded to angiographic and clinical data to determine the effects of different drugs on the epicardial coronary diameter. Luminal diameters were measured on an end diastolic frame by a computer assisted coronary angiographic analysis system (CAAS II/QUANTCOR, Siemens, Berlin, Germany). Means of triplicate measurements of luminal diameter were used for analysis. Changes in coronary diameter in response to acetylcholine and glyceryl trinitrate infusion are expressed as percentage change from the baseline measurement on the angiogram obtained before infusion. Intraobserver and interobserver variability previously were shown to be excellent. 12 13 Estimation of CBF and coronary flow reserve CBF was calculated as the product of CBF velocity and vessel diameter according to the following formula: p 6 average peak velocity 6 0.125 6 diameter 2 . For CBF calculations, the internal diameter of the vessel at the location of the flow measurements (2 mm distal to the wire tip) was measured by the method described above. Coronary flow reserve was calculated as the ratio of CBF velocity after an injection of ATP to the baseline velocity.
Biochemical parameters
Fasting blood samples were obtained just before coronary angiography was performed. Routine methods were used to determine serum concentrations of standard biochemical parameters. CRP concentration was determined by a high sensitivity CRP test (N Latex CRP II, Dade Behring, Marburg, Germany). According to the manufacturer's information, the limit of detection in this assay is 0.02 mg/l. The reported intra-assay coefficient of variation for high serum CRP concentrations is 1.5-2.4%; for intermediate serum CRP
concentrations, 2.8-4.7%; and for low serum CRP concentrations, 1.5-4.6%. The mean values of the coefficient of variation for measurements obtained over four days for high, moderate, and low serum CRP concentrations were 2.0%, 2.4%, and 2.8%, respectively. Patients were divided into two groups depending on whether the CRP concentration was normal (( 3 mg/l) or increased (. 3 mg/l).
Statistical analysis
All data are expressed as the mean (SEM). Baseline characteristics between the two groups were compared by Student's unpaired t test or the x 2 analysis, as appropriate. Serial changes in haemodynamic variables and changes in coronary vasoreactivity in response to drug infusion were compared by a one way analysis of variance. If the analysis of variance showed a significant difference between means, the level of significance was determined by contrast analysis. Serial percentage changes in the coronary vascular response to acetylcholine infusion were compared between groups by a two way analysis of variance. We performed univariate and multivariate regression analyses to identify factors associated with percentage changes in CBF induced by acetylcholine. A probability value of p , 0.05 was considered to indicate significance. Table 1 summarises the characteristics of patients. Fifteen patients had increased CRP concentrations. Distributions of age, sex, and body mass index in the two groups were similar. Frequencies of individual coronary risk factors and the numbers of patients who were taking aspirin or statins were also similar. Biochemical analysis showed that total cholesterol and low density lipoprotein cholesterol concentrations were higher, and high density lipoprotein cholesterol concentrations tended to be higher, in patients with increased CRP concentrations. The CRP concentration was 5.05 (0.33) mg/l in patients with increased CRP concentrations and 0.35 (0.23) mg/l in patients with normal CRP concentrations (p , 0.0001).
RESULTS
Patient characteristics and biochemical parameters
CRP concentration and coronary vasoreactivity
Baseline heart rate and mean arterial pressure in the two groups were similar before and during acetylcholine infusion. Glyceryl trinitrate infusion increased heart rate and 
DISCUSSION
The present study investigated the relation between coronary endothelial function and serum concentrations of CRP, a marker of inflammation, in patients with atypical chest pain and normal coronary arteries. We found that the acetylcholine induced increase in CBF was reduced in patients with increased CRP concentrations. Furthermore, multivariate regression analysis indicated that increased CRP concentration was independently associated with attenuation of the increase in CBF in response to acetylcholine infusion. Our results suggest that chronic low grade inflammation may be associated with microvascular coronary endothelial dysfunction.
Previous studies on endothelial function and the inflammatory response Atherosclerosis has been suggested to be an inflammatory disease 1-3 14 initiated by endothelial dysfunction caused by several risk factors. Subsequent vascular inflammation leads to an increased CRP concentration, either secondarily or with CRP as a direct participant in the inflammatory process, 15 attenuating nitric oxide production in the endothelium. 16 Irrespective of pathogenetic issues concerning CRP, several studies have established a close relation between endothelial function and the inflammatory response. [4] [5] [6] [7] Fichtlscherer et al associated with the intensity of the response of forearm blood flow to acetylcholine infusion in patients with coronary artery disease. Cleland et al 5 have shown that the CRP concentration correlates with basal forearm blood flow in healthy patients by using N G -monomethyl-L-arginine, a nitric oxide synthase inhibitor. These findings suggest that the inflammation is associated with impaired endothelial function in resistance vessels, although differences in study populations may have contributed to basal or agonist induced endothelial dysfunction. In addition, Paisley et al 7 observed endothelial dysfunction in conduit vessels in patients with asymptomatic proteinuria, although an inflammatory response was found only in resistance vessels. Thus, a low grade inflammatory response seems to be associated with impaired endothelial function, at least in resistance vessels. However, several studies examined relations between the inflammatory response and peripheral endothelial function. Only a single investigation addressed the relation between the inflammatory response and coronary vasoreactivity; that study was of patients with unstable angina. 17 Inflammatory response and coronary endothelial function Tomai et al 17 reported that increased CRP concentrations were related to attenuation of changes in minimal epicardial coronary artery diameter during the cold pressor test in patients with unstable angina; this suggested that increased CRP concentration was associated with enhanced vasoreactivity at the site of the culprit lesion. Several modulators may affect vasoreactivity at the involved site in unstable angina and endothelial function presumably was not the sole influence on local coronary vasoreactivity. On the other hand, when we investigated the relation between CRP concentration and acetylcholine induced coronary vasoreactivity in patients with atypical chest pain and normal coronary arteries, we were able to investigate the relation between the inflammatory response and coronary endothelial function without the complexities introduced by an established lesion.
The present study showed that CRP concentrations were not associated with acetylcholine induced change in coronary diameter but did influence the degree of acetylcholine induced increase in CBF independently of coronary flow reserve. In previous studies, 18 19 the acetylcholine induced increase in CBF was reduced by an infusion of N Gmonomethyl-L-arginine, indicating that endothelial nitric oxide has at least some role in the CBF response to acetylcholine infusion. Thus, our results suggest that an inflammatory response is associated with coronary endothelial dysfunction at the level of resistance vessels. The exact mechanisms linking CRP concentration with microvascular endothelial function are unclear. The mean CRP concentration in this study was less increased than that observed in the report 17 concerning unstable angina; indeed, because CRP is increased in patients with unstable angina, 20 we excluded patients with this possible diagnosis. In addition, our study population had no evidence of atherosclerotic lesions on angiography. Such differences may have influenced our results.
Relation between the CRP concentration and other parameters In the present study, total cholesterol and low density lipoprotein cholesterol concentrations were increased in patients with increased CRP concentrations, essentially in agreement with previous reports. 21 22 The reasons why CRP concentration correlates with lipid concentrations are unclear. However, lipid increase is a coronary risk factor and is known to impair endothelial function. 13 23 24 Since CRP is a marker of endothelial dysfunction, CRP may correlate with lipids on that basis. On the other hand, our results did not show a relation between CRP and body mass index, as reported from other studies. 21 25 Our subject population was not obese, which may account for this difference.
Recently, much interest has focused on the anti-inflammatory effect of statins. 26 27 In addition, use of low dose aspirin may reduce CRP concentrations 28 29 in patients with coronary artery disease, while aspirin has no effect on CRP in healthy patients. 30 The present study failed to find any relation between the use of these drugs and CRP concentration or coronary vasoreactivity. Differences in patient characteristics and in doses and duration of drug treatment may account for a lack of a drug effect here.
Study limitations
Several limitations to the present study should be considered. Firstly, the relatively small number of patients may have obscured relations between CRP concentration and some other variables (type II error). Secondly, while our study population was a homogeneous group with atypical chest pain, angiographically normal coronary arteries, normal left ventricular function, and no vasospastic or unstable angina, a wholly homogeneous underlying disease state cannot be guaranteed. Occult variability, then, may have contributed to variability in CRP concentration. Thirdly, in the measurement of CRP, the use of two samples has been recommended, 11 but we measured CRP only once. In addition, we divided patients into two groups depending on whether the CRP concentration was normal (( 3 mg/l) or increased (. 3 mg/l). However, patients with a CRP concentration of 1.0-3.0 mg/ l, who would fall into our ''normal CRP concentration'' group, have been shown to have a moderate relative risk of future cardiovascular events.
11 Therefore, we need to reassess the relation between coronary endothelial function and CRP concentration based on the relative risk categories. 11 Lastly, patients with obvious systemic inflammation or acute infection were excluded from the study, since systemic inflammation or acute infection may affect not only CRP concentration but also endothelial function. 31 -33 Yet we did not perform a thorough medical investigation aimed at uncovering all possible sources of inflammation, so increased CRP concentrations may have resulted from systemic inflammation in some patients.
Conclusions
Our present findings indicate that a chronic low grade inflammatory response is associated with microvascular coronary endothelial dysfunction. These findings support a close relation between endothelial dysfunction and vascular inflammation in the pathogenesis of atherosclerosis. Massive pulmonary embolism with ST elevation in leads V1-V3 and successful thrombolysis with tenecteplase I G Livaditis, M Paraschos, K Dimopoulos A 42 year old woman was referred to the emergency department from the radiology department after having a syncopal episode during a triplex examination of the lower extremities for acute painful right leg swelling five hours earlier that morning. She had no significant medical history, smoked 3-5 cigarettes a day, and had been taking contraceptive medication for menorrhagia for the preceding three months. On presentation she was cyanotic, dyspnoeic, and haemodynamically unstable. ECG showed sinus tachycardia of 120 beats/min with ST elevations from V1 through V3 mimicking anteroseptal acute myocardial infarction. Ten minutes after presentation she was thrombolysed with 80 mg tenecteplase leading to ST elevation resolution and remarkable haemodynamic recovery after 20 minutes. This case shows how pulmonary embolism can mimic anteroseptal acute myocardial infarction on ECG and the life saving results from rapid thrombolysis with tenecteplase.
(Heart 2004;90:e41) www.heartjnl.com/cgi/content/full/90/ 7/e41
Fatal pulmonary arterial hypertension associated with phenylpropanolamine exposure R J Barst, L Abenhaim Exogenous substances such as the appetite suppressant fenfluramine are known to be causally related to the development of pulmonary arterial hypertension (PAH). In these cases, the clinical course as well as the pulmonary vascular disease pathologically is indistinguishable from idiopathic PAH. Other exogenous substances, such as amphetamines, cocaine, and meta-amphetamines, have been considered to be potential risk factors for inducing PAH. SOPHIA (the study of pulmonary hypertension in America), in addition to confirming previous reports of a causal association between the appetite suppressant fenfluramine and PAH, unexpectedly found a significantly increased risk for the development of PAH with exposure to over-thecounter antiobesity agents containing phenylpropanolamine. The first case is reported of fatal PAH in a child heavily treated with cold remedies containing phenylpropanolamine, which, in addition to the results of SOPHIA, strengthens the hypothesis that phenylpropanolamine is a risk factor for the development of PAH. 
